Crude Palm Oil hydrocrcaking has been carried out over Ni/Mo ZrO 2 -pillared bentonite catalyst in a fixed bed reactor. Crude Palm Oil hydrocracking over Ni/Mo ZrO 2 -pillared bentonite catalyst formed 3 products i.e. gas, oil and coke. The oil product from Crude Palm Oil hydrocracking was analyzed by using gas chromatography to determine its composition. Three types of fraction were classified i.e. gasoline, kerosene and diesel oil. In this research, the focused of the study is of hydrocracking kinetics by using lump kinetic models.
coking, carbon deposition [18] [19] , poisoning [20] , thermal degradation and sintering [21, 22] . All causes of deactivation are functions of time, so in this lump kinetic modeling deactivation is calculated as a function of time [21] .
The number of lumped reaction used depends on several factors such as observable physical parameters, knowledge of chemical reaction involve and available kinetic data from experiments. Here, we presented 4 and 6-lumps kinetic model for Crude Palm Oil hydrocracking over NMBZ catalyst.
Material and methode 2.1 Material
The main material used in this work was Crude Palm Oil (CPO) obtained from Sriwijaya Palm Oil Private Company consist of major components i.e. palmitic acid (63.67 %), oleic acid (17.93 %), stearic acid (7.2 %) and linoleic acid (4.23 %) whereas catalyst was obtained from previous work [3] .
Procedure
Catalytic hydrocracking reactor was setup as depicted on Fig. 1 . The reactor dimension was 2.5 cm in inner diameter, 40 cm in length and 196.43 cm 3 in volume. At the beginning of the process, 12.0 g Catalyst was placed in catalyst vessel. Prior hydrocracking process, reactor was saturated by hydrogen gas to remove air at predetermined temperature for 15, minutes and flow rate 2.0 mL / sec and hydrocracking temperature varied at 673, 698, 723, 748 and 773 K. CPO was pumped in by peristaltic pump at various rate according to Weight Hourly Space Velocity (WHSV) i.e. 60, 96, 120, 150 and 300 g / hour into the preheater which then enter the gas forming reactor. The gaseous CPO formed was flowed into hydrocracking reactor driven by hydrogen in 1.0 mL / sec flow rate. Product of hydrocracking went through water cooler system and then collected in gas container. Other gas collector was arranged to capture uncondensed gas within water cooler. Coke and char deposited on catalyst were determined by gravimetric method. The reactor was washed with acetone after completing hydrocracking. The liquid product was heated in a vacuum distillation at 200 °C to obtain fractions of gasoline, kerosene and diesel oil. The remaining liquid in the flask after distillation consists of unreacted triglyceride from CPO reactant.
The liquid fractions from vacuum distillation was analyzed by using Gas Chromatography (Shimadzu, FID) to determine its composition. Three types of fraction were classified i.e. gasoline, kerosene and diesel oil. The calculation was made base on several assumptions: 1. plug-flow reactor was used; 2. axial dispersion between reactant and product is neglected; 3. all reaction proceed in first-order except for CPO feed which was presumed as second-order; 4. amount of hydrogen is insignificance compare to CPO feed hence it is pseudo-zero order with respect to hydrogen; 5. decrease on catalytic activity is a function of time of stream and temperature; 6. no coke contains in the feed; 7. water product was neglected and 8. reaction was carried out in isothermal condition.
First-order of simultaneous differential from rate equation was integrated numerically by using Runge-Kutta 4 th -order equation, all of which processed in MATLAB R2018b software at initial concentration of feed C CPO = 1 and all initial concentration of product is zero. Ode45 command was used in simultaneous integration from differential equation of rate law calculated by using Runge-Kutta 4 th -order algorithm. Kinetic parameters were determined by using F minimize function on fminsearch command and to determine the value that gives global minimum conditions using the research step in Fig. 2 [23] .
Data for kinetic parameters calculation was saved as an excel file, steps of calculation were as follows:
1. the appropriate form of rate equation was determined according to 4 and 6-reaction lumps of CPO hydrocracking by involving rate constant; 2. software will decide initial value of k which was programmed to obtain k > 0; 3. software calculates the value of k for each reactions simultaneously base on rate equation given; 4. deviation level between model calculation result and experimental data was calculated by the program as directed by Eq. (1) and 5. program adopts k which gave smallest SSE (Sum of Squares Errors) value where n is number of data. 
Results and discussion 3.1 Catalytic activity analysis
Catalytic activity ( ϕ ) is defined as ratio of reaction rate at particular time ( t ) to reaction rate of fresh catalyst as expressed by Eq. (2). Catalytic activity was found decreased as reaction time due to coke formation on catalyst. This phenomena is known as catalyst deactivation. Catalyst deactivation can be modelled and calculated as a function of reaction rate decrease against time. (2)
Some authors reported a deactivation model as a function of coke formation on catalyst surface during reaction occurrence [24] [25] [26] . Such model can be erroneous because coke formation is not the only factor involved but reaction rate and reaction time must take into account as determining variable. Deactivation model in this report was developed by calculating catalyst duration usage assuming that catalyst activity is a function of catalyst usage duration [27] and the model was formulated in Eq. (3). Fig. 3 shows catalytic activity as well as reaction rate, decrease after t hours relative to the initial rate. The shape of the catalytic activity curve confirms a correlation of inversely proportional between activity decrease and catalyst usage duration. At short duration usage, the curve slope is steep and then become sloping. Deactivation rate equation can be solved by integrating Eq. (3) to obtain Eq. (4). Plot of ϕ t against ln t based on Eq. (5) produced linier curve as shown on Fig. 3 having correlation coefficient ( R 2 ) approaches 1. This linearity indicates the accuracy of deactivation rate order and constant. 
Slope and intercept on Fig. 4 can be used to calculate deactivation rate order and constant by using Eqs. (6) and (7) . Calculation result as shown on Table 1 concludes that deactivation rate is second-order. If the catalytic activity of fresh NMBZ equals 1 then the Eq. 4 for NMBZ Furthermore, deactivation rate constant is highly affected by hydrocracking temperature, the higher temperature used, constant of deactivation also becomes larger. Catalyst tend to deactivate rapidly which then shorten its lifetime at high temperature.
Effect of temperature on deactivation process can be describe by applying Arrhenius equation. Application of Arrhenius equation was carried out by using deactivation rate constant and temperature on Table 1 which will give frequency factor (A) and deactivation energy ( E d ). The result for A and E d are 2.75 × 10 12 and 54.27 kJ K −1 mol −1 respectively.
4-Lump reaction kinetic model
Lump reaction kinetic model was used in this report to solve equation for complex reaction of hydrocracking over NMBZ catalyst. CPO cracking has been reported in 3-lump ( Fig. 5 ) reaction kinetic model by several authors [5, 15] . This model however has weakness on merging gas and coke into one lump reaction even though their display different property. In the process, gas leaves reactor along with oil whereas coke forms solid product. The coke later becomes major cause for catalyst deactivation.
The 3-lump reaction model drawback can be improved by separating gaseous product and coke into different lumps. First step in this kinetic study of CPO hydrocracking over NMBZ catalyst is by proposing 4-lumps as depicted in Fig. 6 . According to this model, CPO hydrocracking 
Equations (9)-(12) are hard to solve due to unknown reaction order. The solution to this equation can be obtained by making assumption such as reactant was reacted in a complex reaction having second order against the main reactant. Reaction which occurs further is regarded as elementary reaction having first-order in rate. These assumptions has been used by several authors to solve reaction rate of crude oil cracking [28] [29] . Applying the assumptions, Eqs. (9)-(12) can be written into Eqs. (13)- (16) . 
MATLAB R2018b software was used to conduct calculation and the rate constants for 4-lumps kinetic model result are shown on Table 2 . The result shows k 12 relatively bigger than other rate constants which means the hydrocracking reaction was dominated by oil formation followed by gas and coke. By using this k value, catalyst selectivity to produce oil, gas, coke and ratio needed in further oil cracking were formulated in Eqs. (17) 
Equations (17)- (20) were used to analyze the selectivity and ratio of further hydrocracking reaction of CPO feed over NMBZ catalyst. The calculation result is shown on Figs. 7 and 8. Catalyst selectivity on oil product is in the range of 0.45-0.58. The selectivity is increased by temperature from 0.45 at 673 K to 0.56 at 698 K.
The catalyst selectivity in hydrocracking process to produce oil is relatively constant between 0.56-0.58 at 698 K. The further hydrocracking process on the oil produced provide this constant selectivity. The aforementioned Table 3 , the formation reaction of oil from CPO has the highest activation energy compared to the formation of coke and gas. Although the activation energy of oil formation from CPO is greatest, the rate constant of the formation of oil from CPO is highest so that the rate of formation of oil remains the highest so the selectivity of oil formation is also the highest.
6-Lump kinetic model
Rate equation commonly includes all compounds involves in the reaction (both reactant and product). Hydrocracking is a complex reaction with so many compounds produced during reaction hence it is almost impossible to do a complete calculation. Lump kinetic model designed to solve such reaction by making several assumptions. The more numbers of lumps used, the better kinetic model obtained due to smaller error on compound characters grouping in a single lump. Therefore, the 4-lump kinetic model was further developed by expanding to 6-lumps reaction. These lumps comprise of lump 1 (CPO), lump 3 (coke) and lump 4 (gas) as in 4-lumps model. Lump 2 (oil product) was break down into lump 5 (diesel fraction), lump 6 (kerosene fraction) and lump 7 (gasoline fraction). The reaction scheme of 6-lumps CPO hydrocracking is shown on Fig. 9 . 
Rate law for this 6-lump reaction as depicted on Fig. 9 was formulated by Eqs. (21)- (26) . Gasoline fraction was produced from hydrocracking of CPO, diesel and kerosene fraction as formulated in Eq. (22) . The gasoline however, can be further break down to form gas product. Kerosene was formed from CPO and diesel fraction hydrocracking whereas diesel was obtained only from CPO hydrocracking. Three fractions (gasoline, kerosene and diesel) can undergo cracking process to form gas and coke. Rate equation for coke formation from gas will gave rate constant k GC as reported by Twaiq et al. [5] . Here, we did not use such assumption i.e. coke formation from gas. The formation of coke generally was initiated from aromatic compounds which undergo further reaction and released hydrogen to form naphthalene. Naphthalene is Fig. 8 The oil product to feed ratio on CPO hydrocracking . 9 6-lump kinetic model of CPO hydrocracking hard to diffuse out from catalyst hence it will forms coke on catalyst surface [29] . Data experiment processing base on Eqs. (19)-(24) by using MATLAB R2018b was able to obtain rate constants for 6-lump kinetic model of CPO hydrocracking over NMBZ catalyst as did Twaiq et al. [5] by using Polymath software. Two different software does not means result in difference rate constants, but different assumptions used evidently result in different rate constants as shown by our result and Twaiq et al. [5] . Rate constants for coke and gas formation was obtained from 4-lump model and stated as k 13 and k 14 . These constants were adopted from 4-lump model and used in 6-lump model of CPO hydrocracking. The 6-lump kinetic model produced 14 rate constants including 2 which was calculated from 4-lump model and the result is shown on Table 4 . Back to Table 4 , k 15 relatively bigger than any other rate constants. Triglyceride hydrocracking according to the table was dominated by formation of diesel fraction, but data shows gasoline fraction formed in larger amount then diesel. Kinetic model in 6-lump reaction provide reason that the diesel fraction produced only from triglyceride hydrocracking. Gasoline fraction has more source of formation i.e. hydrocracking of triglyceride, diesel and kerosene fraction. Diesel fraction in chemical structure point of view has number of C-atom almost similar to triglyceride reactant hence this product is not hard to form by hydrocracking reaction.
The effect of temperature on hydrocracking process was evaluated according to Arrhenius equation by using deactivation rate constant and temperature displayed on Table 4 . The calculation provide linier curve whilst the frequency factor (A) and activation energy ( E a ) is shown on Table 5 . The main difference between our results with previous report by Twaiq et al. [5] lays on coke formation from gas product as described earlier. Activation energy for this process as reported by this author has negative value hence it is reasonable that this report assumed no formation of coke from gas hydrocracking product.
Validation test for 6-lump reaction kinetic model is displays on Fig. 10 . The regression constant calculated shows value close to 1 which means this model with 14 rate 
Conclusion
Kinetic model base on 4 and 6-lumps reaction was developed to describe CPO hydrocracking over NMBZ catalyst. The model was validated and fit with experimental data as represented by regression linear constant. The activity of catalyst in this model is a function of time and temperature. The longer hydrocracking time and the higher temperature caused decrease of NMBZ activity. Reaction models by using 4 and 6-lumps proved its accuracy on describing reaction kinetic of CPO hydrocracking over NMBZ catalyst.
